The effect of oral administration of glucosyltransferase (GTF) from Streptococcus sobrinus 6715 on levels of immunoglobulin A (IgA) antibody to GTF in parotid saliva and on the number of indigenous Streptococcus mutans in the whole saliva was studied in young adult males. GTF combined with aluminum phosphate (AP) was administered in capsules to 14 subjects, while sodium phosphate buffer combined with AP was administered in the same way to 11 control subjects. Thirteen administrations were given during the first immunization regimen, and five administrations, approximately 3 months later, constituted the second immunization regimen. All subjects were given professional dental prophylaxis immediately prior to each immunization. Each subject served as his own control by using antibody and bacterial data collected prior to antigen administration for comparison. After the first immunization regimen, the GTF vaccine group exhibited a significantly higher distribution (P < 0.05) of normalized parotid saliva IgA antibody elevations than observed in the placebo group. Between the first and second immunization regimens a significant increase (P < 0.05) in parotid salivary anti-GTF activity also occurred in the GTF vaccine but not the placebo group. No significant differences between these two groups were observed on any occasion when serum IgG or IgA antibody to GTF was analyzed. Comparison of the group mean log ratios (post-to prevaccine administration) of S. mutans to total streptococci in whole saliva revealed that the GTF vaccine group values were always lower than those of the placebo group. These differences reached significance (P < 0.01) on three of the last four sampling occasions (days 21, 35, and 42) following initiation of the first immunization regimen. The mean log ratios of the GTF vaccine group were also lower than those of the placebo group after the second immunization regimen but did not reach significance. These data indicate that oral administration of GTF from the mutans streptococci has the potential to elicit a salivary IgA antibody response when combined with an aluminumbased adjuvant and that this response can interfere with the reaccumulation of indigenous S. mutans following dental prophylaxis.
The effect of oral administration of glucosyltransferase (GTF) from Streptococcus sobrinus 6715 on levels of immunoglobulin A (IgA) antibody to GTF in parotid saliva and on the number of indigenous Streptococcus mutans in the whole saliva was studied in young adult males. GTF combined with aluminum phosphate (AP) was administered in capsules to 14 subjects, while sodium phosphate buffer combined with AP was administered in the same way to 11 control subjects. Thirteen administrations were given during the first immunization regimen, and five administrations, approximately 3 months later, constituted the second immunization regimen. All subjects were given professional dental prophylaxis immediately prior to each immunization. Each subject served as his own control by using antibody and bacterial data collected prior to antigen administration for comparison. After the first immunization regimen, the GTF vaccine group exhibited a significantly higher distribution (P < 0.05) of normalized parotid saliva IgA antibody elevations than observed in the placebo group. Between the first and second immunization regimens a significant increase (P < 0.05) in parotid salivary anti-GTF activity also occurred in the GTF vaccine but not the placebo group. No significant differences between these two groups were observed on any occasion when serum IgG or IgA antibody to GTF was analyzed. Comparison of the group mean log ratios (post-to prevaccine administration) of S. mutans to total streptococci in whole saliva revealed that the GTF vaccine group values were always lower than those of the placebo group. These differences reached significance (P < 0.01) on three of the last four sampling occasions (days 21, 35, and 42) following initiation of the first immunization regimen. The mean log ratios of the GTF vaccine group were also lower than those of the placebo group after the second immunization regimen but did not reach significance. These data indicate that oral administration of GTF from the mutans streptococci has the potential to elicit a salivary IgA antibody response when combined with an aluminumbased adjuvant and that this response can interfere with the reaccumulation of indigenous S. mutans following dental prophylaxis.
Experiments in animals have shown that immunization with killed Streptococcus mutans cells or defined antigens such as glucosyltransferase (GTF), antigen A, or antigen I/II prior to infection with cariogenic S. mutans often significantly reduces the amount of caries and level of infection caused by these organisms. Reductions in experimentally induced dental caries have been observed after passive administration of antibody to S. mutans antigens in food or drinking water (16, 22) or after active immunization procedures. Antigen has been injected (3, 13, 17, 19, 29, 30) or administrated orally to animals in drinking water (21) or placed directly into the oral cavity (26) . These immunization procedures favor the formation of salivary immunoglobulin A (IgA) antibody to the immunizing antigen and were accompanied by significant reductions in caries.
Investigations of the feasibility of a dental caries vaccine in humans have focused on the effect of oral administration of killed S. mutans cells on the formation of salivary antibody to this organism or on the effect of immunization on the indigenous or superinfecting S. mutans flora. Oral administration of antigen would preferentially stimulate a secretory immune response (20, 21, 26) as well as avoid the potential for formation of serum antibody, which may have host-cross-reactive properties (12) . However, in the experiments performed thus far, salivary IgA antibody to S. mutans has been detected only occasionally after immunization (6, 20 GTFs are extracellular enzymes which synthesize watersoluble and water-insoluble glucans from sucrose. These glucans have been implicated in the plaque-forming potential of cariogenic S. mutans. This potential has been modified in vitro (31) with antibody to GTF. The presence of antibody of this specificity was associated in rodent models with significant reductions in dental caries caused by the mutans streptococci (S. mutans, S. cicretus, or S. sobrinus [25, 26, 30] ). Similar reductions after immunization with GTF have also been observed in some (2) but not all (3) experiments with the primate model. No antibody reactive with human tissue was observed following either oral (26) or systemic (30) immunization with S. mutans GTF in adjuvant.
The successful use of GTF as an antigen eliciting a caries-protective response in rodents led us to test it in humans. Accordingly, in the experiment described herein, GTF prepared from S. sobrinus 6715 was administered orally to a group of young adult males for approximately 2 weeks. The purpose of this oral immunization regimen was to evaluate the effect on induction and secretion of salivary antibody to the immunizing antigen and reaccumulation of indigenous S. mutans after dental prophylaxis. been described previously (10, 24) . This GTF vaccine had been approved by the Food and Drug Administration Bureau of Biologics for use in the present experiment under Investigational New Drug application BB-IND 1984. Organisms were grown anaerobically (10% C02, 90% N2) for 24 h at 37°C in chemically defined medium (S. Socransky, C. Smith, and A. Manganello, J. Dent. Res. 52:88, 1973). Cell-free supernatants obtained by centrifugation at 13,700 x g were brought to pH 6.5 and made 0.02% with respect to sodium azide. This supernatant was then incubated with Sephadex G100 (Pharmacia Fine Chemicals) for 2 h at room temperature. After washing the Sephadex-GTF mixture, the enzyme was eluted with an equal volume of 6 M guanidine hydrochloride (1 h). After removal of the Sephadex, the GTFcontaining eluate was filtered on a column of Sepharose 4B-CL in 3 M guanidine hydrochloride. The GTF activity eluted as a single peak and was pooled, dialyzed (0.02 M sodium phosphate, pH 6.5), and filtered (Acrodiscs; Gelman Sciences) into sterile 50-ml vaccine bottles and stored frozen at -20°C until use. On each day of vaccine administration, one sterile GTF preparation was mixed with sterile aluminum phosphate (AP; Lederle Laboratories) in a laminar flow hood. Each dose contained 0.5 mg of GTF protein and 6.7 mg of AP. GTF prepared in this way synthesized more than 90% of water-insoluble glucan after 2 h of incubation with 5% sucrose and had a sodium dodecyl sulfate-polyacrylamide gel electrophoresis profile of three to four bands which stained with Commassie blue, all of which were associated with glucan-forming activity.
The placebo preparation contained equal volumes of 0.02 M sodium phosphate and AP. These sterile solutions were mixed under laminar flow conditions and were also prepared to contain 6.7 mg of AP per dose.
Antibody and immunoglobulin analysis. Serum and parotid gland saliva samples were tested for antibody activity to GTF by the modified enzyme-linked immunosorbent assay (ELISA) technique described previously (10) . Polystyrene microtiter plates coated with 0.5 ,ug of strain 6715 GTF per well were then incubated (2 h) at room temperature with 1:4 diluted parotid saliva (for IgA), 1:25 diluted serum (for IgA), or 1:100 diluted serum (for IgG). This was followed by development with the appropriate rabbit anti-human alphaor gamma-chain reagent (1:200 dilution; CalbiochemBehring) (2 h ) and incubation (16 h) with 1:200 diluted alkaline phosphatase-conjugated goat anti-rabbit IgG (Miles Laboratories). After exposure to 1 mg of p-nitrophenylphosphate per ml, reactions were stopped after 30 min with 0.05 M NaOH. Antibody activity was compared with a positive reference standard curve constructed from 405-nm absorbances (Artek ELISA reader) of dilutions (log2 transformed) of an ammpnium sulfate-precipitated pool of parotid saliva samples containing elevated IgA antibody activity. Negative controls consisted of saliva or serum which had been repeatedly adsorbed with washed, sucrose-grown S. sobrinus cells.
All parotid saliva and serum samples were examined for salivary IgA antibody activity to S. sobrinus 6715 GTF of the same lot used for immunization. All parotid samples from one individual were always tested on the same plate, including those obtained during the screening and on day -2.
An adaptation of the technique of Mancini et al. (18) was used to assess the levels of IgA and IgG as described previously (10 all the subjects in the present study. However, only wholesaliva samples served as the basis for bacterial enumeration in the other sections. Figure 1 presents the schedule for vaccine administration and sample collection for these four sections. The second immunization portion began 47 days after the final sampling occasion of the first immunization period (day 42). At preimmunization, each subject was giyen professional dental prophylaxis and the decayed, missing, and filled surfaces were recorded (Table 1) . Parotid saliva was collected with a modified Curby cup for approximately 10 min while subjects sucked on sour-lemon drops. Fluids were centrifuged at 10,000 rpm and stored at -20TC. These and subsequent collections were made from the same gland for each subject.
From 5 to 10 ml of blood was also collected from the antecubital sinus of each subject by a trained phlebotomist. Blood was allowed to clot overnight at 4°C, and serum was removed after low-speed centrifugation and stored frozen at -20°C. The serum IgA and IgG antibody mean values measured in duplicate by ELISA from this preimmunization time were also taken as the baseline values.
In the second immunization portion of the experiment, the bacterial CFU, salivary antibody, and serum antibody values obtained from the collections prior to the administration of vaccine were taken as the baseline values.
Vaccine administration. Subjects were scheduled for immunization and fluid collections throughout the working day. However, every attempt was made to schedule each subject at the same time each day to minimize physiological variation. The days of immunization are shown in Fig. 1 . Individual doses of vaccine or placebo were prepared by sterile placement of 0.8 ml of vaccine or placebo into no. 000 gelatin capsules and given to the subject to swallow with water. While the subject was waiting for his capsule, his temperature was recorded and adverse reactions, if any, were reported.
Thirteen administrations were given in 17 days in the first sequence. Eleven and a half weeks later, five immunizations were given in 5 days as the second sequence. All immunizations and antibody measurements were performed with the same lot of GTF (HS no: 1, lot 1).
Statistical analyses. Since a broad range of levels of preexistent antibody to strain 6715 GTF existed in both groups (Table 1) , the antibody or bacterial levels observed after the start of immunization of each subject were compared with that subject's own antibody or bacterial levels prior to the beginning of the trial. The mean and standard deviation (SD) of the IgA ELISA values in the six parotid saliva samples obtained before immunization for each subject were calculated and used to identify meaningful elevations in salivary antibody activity during the primary immunization portion of the protocol. Thus, an IgA antibody level to 6715 GTF was considered positive if it exceeded the mean plus the SD of the IgA antibody levels in the six samples taken before immunization of the respective subject began. Similarly, the log-transformed S. mutansltotal streptococcal CFU ratio obtained in the preimmunization sampling served as the baseline for bacterial comparisons. Ratios of postimmunization to baseline data were then compared by Mann-Whitney U analysis and one-and two-way analyses of variance (ANOVAs). Fig. 2A . The ratios observed for the GTF vaccine group were significantly (P < 0.05, Mann-Whitney U test) higher than those obtained for the placebo group. The three highest ratios detected among the seven saliva samples collected from each subject in the first immunization phase were also calculated as a method of minimizing the potential distortion of the data by single aberrant values and as a method of dealing with the potentially complex response kinetics (Fig.  2B) . Again, the GTF vaccine group had a significantly higher distribution of IgA antibody levels (P < 0.05) than did subjects receiving the placebo. In general, the antibody levels of most subjects were higher in the second immunization samples than in the first immunization samples. The GTF vaccine group values tended toward higher ratios with greater frequency than the placebo group values whether expressed as peak IgA antibody response (Fig. 3A) or as mean of the three highest data (Fig. 3B) . The Serum IgG antibody. Blood was collected on the day of the first dental prophylaxis (day -2 of the first immunization collection phase), day 16, day 42, the day of the second dental prophylaxis (day 0, second immunization collection phase), and 37 days after the beginning of the second immunization phase. The sera were tested for IgG and IgA antibody to the immunizing GTF antigen, and data were compared with preimmunization serum antibody levels. The mean ratios for each group on each collection day are shown in Fig. 4 . No significant differences within or between the groups were observed on any occasion for either serum immunoglobulin isotype.
Bacterial studies. Mutans streptococci in saliva were expressed as a proportion of the total streptococci to monitor the selective effect which antibody to S. sobrinus GTF, induced by the vaccine, might have had on indigenous organisms. Prior to immunization the percentages of S. mutans among the total streptococci were nearly identical in both groups (mean, 0.0111% in the placebo group, 0.0114% in the GTF-immunized group). The S. mutansltotal streptococci values obtained after initiating the first oral immunization regimen were compared with the data obtained prior to the first dental prophylaxis by the use of log ratios. The log ratios for each group on every sampling occasion were averaged for both groups (Fig. 5) , and analysis of group data on individual days revealed that the GTF-immunized group was significantly lower (Mann-Whitney U test) on three of the last four sampling occasions (days 21, 35, and 42). Furthermore, the mean ratios of the GTF vaccine group were always lower than those of the placebo group. Twoway ANOVA of the mean values for the two groups over the 40-day sampling period revealed that the GTF vaccine group data were significantly lower than the placebo group data for the course of the primary immunization (P < 0.02). No significant differences in total streptococcal CFU ratios Comparisons of the proportions (log ratios) of S. mutans in the total streptococci present in whole saliva before (pre) with the respective proportions (log ratios) present after (post) the initiation of the first oral immunization are presented for the GTF-immunized (Li) and placebo (+) groups. All CFU values were log transformed before analysis. The means of individual-subject log ratios (log post to log pre) were determined for each group on each sampling day. Asterisks indicate days on which differences between group data were significant by the Mann-Whitney U test (day 21, P < 0.001; day 35, P < 0.01; day 42, P < 0.01). Comparisons of the proportion of S. mutans to the total streptococci in whole saliva before and after the initiation of the second immunization regimen for the GTF-immunized (O) and placebo (+) groups. All CFU values were log transformed before analysis. Data are expressed as mean log ratios (log post to log pre) for each group on each sampling day.
second dental prophylaxis. The mean log ratios (post-versus pre-second vaccine administration) of the GTF-immunized group were lower than the placebo groups' log ratios at every sampling occasion, although these differences did not reach statistical significance on individual days (Fig. 6) . Neither group demonstrated the increase in ratios seen at the later sampling times of the first immunization portion of the experiment (Fig. 5) . During the course of the experiment, no consistent variation occurred in the distribution of S. mutans strains which had different colonial morphologies in any subject.
DISCUSSION
Oral administration of S. sobrinus 6715 GTF in AP over a 2-week period gave rise to a modest salivary IgA antibody response to this antigen in a significant number of young adult males. This is the first demonstration of a secretory IgA antibody response in humans to a defined antigen from the mutans streptococcal group. Hughes et al. (14) reported that subjects subcutaneously injected with a cell wall antigen (antigen A) showed a serum IgG antibody response. However, the response in saliva was not investigated. All other modern studies in humans have used intact, killed S. mutans cells orally administered in capsules (5, 6, 20 ; C. Y. Bonta, R. Linzer, F. G. Emmings, R. T. Evans, and R. J. Genco, J. Dent. Res. 68:143, 1979) or in solution (9) or topically applied to the oral mucosa (15) . With two exceptions (6, 20) antibody levels which may be sufficient to have overt effects on bacterial populations. The effect of changes in levels of specific antibody may also be augmented by other components of the host antibacterial network (1) .
Secondary salivary IgA antibody levels in the parotid saliva samples of all subjects showed more variation than was seen after the first immunization, although the GTFimmunized group was still clearly higher. Furthermore, salivary antibody levels were elevated in both groups (Fig.  3) . A possible contributing factor to the overall elevation in antibody levels may have been the result of an immune response to the two dental prophylaxes performed as part of the protocol. It is possible that since the teeth of nearly everyone in the study harbored S. mutans, which produce GTF and bear surface GTF, a thorough cleaning could have resulted in transitory immunization (8) . The general presence of higher antibody levels during the second immunization regimen in both groups may also have contributed to the observation that the proportion of S. mutans to total streptococci after the second prophylaxis and oral immunization did not demonstrate the increases observed in the latter half of the first immunization portion of the experiment.
The results of this study suggest that oral administration of GTF from the mutans streptococci has the potential to elicit a salivary IgA antibody response when combined with an aluminum-based adjuvant. In addition, oral immunization with this antigen was associated with interference with repopulation of the oral cavity by S. mutans. While these effects were relatively short-lived, efforts to modify the antigen dose, frequercy of administration, composition, route of administration, or presentation of the antigen to appropriate antigen-presenting cells may significantly increase the intensity and duration of the response. Furthermore, administration of an oral vaccine to an immunologically naive population may also enhance the immune response. Such a strategy might prevent disease since it would provide an immune barrier prior to infection rather than superimposing one on preexisting flora.
